Introduction
============

Corneal disease is one of the major causes of blindness worldwide. Infectious keratitis, ocular trauma, and corneal opacities cause an estimated 1.5--2.0 million new cases of unilateral blindness every year.[@b1-opth-10-777],[@b2-opth-10-777] The prevalence of corneal blindness remains highest in developing countries.[@b3-opth-10-777] Corneal scar from trachoma is reported to cause 20.6% of all blindness in Ethiopia.[@b4-opth-10-777] Corneal scars from vitamin A deficiency, use of traditional medicine, and trachoma accounted for 44% of bilateral blindness and 39% of monocular blindness in Tanzania.[@b5-opth-10-777]

While rapidly transitioning into a developed nation, the People's Republic of China faces challenges in eliminating corneal blindness. In population studies in the People's Republic of China, the rate of corneal blindness in at least one eye ranged from 0.3% to 0.9%,[@b6-opth-10-777]--[@b8-opth-10-777] which is higher than that reported in India, a comparable nation in Asia.[@b9-opth-10-777] The leading causes of corneal blindness in the People's Republic of China have been reported to be keratitis and trauma.[@b6-opth-10-777]--[@b8-opth-10-777],[@b10-opth-10-777]

There is an absence of representative clinic-based data on the magnitude and etiologies of corneal diseases managed by ophthalmologists in the People's Republic of China. The identification of risk factors could lead to targeted improvements in public health measures, such as the promotion of eye protection to prevent trauma-related corneal injuries and hand hygiene to prevent spread of infectious keratitis, in any vulnerable group. We sought to identify the most common etiologies of corneal disease and the risk factors associated with worse visual outcomes in an outpatient setting. Additionally, we evaluated the prevalence of traditional Chinese medicine (TCM) in patients with corneal diseases in such an environment.

Methods
=======

One hundred consecutive patients seen by one corneal specialist (BC) at The Second Xiangya Hospital of Central South University in Changsha, People's Republic of China, were evaluated. Changsha, with a population of 7 million people, is the capital and most populous city in Hunan Province, located in the central region of southern China. The Second Xiangya Hospital is a tertiary hospital serving a mix of rural and urban patients. This cross-sectional study was conducted from November 2014 to December 2014. The study protocol was reviewed and exempted by the institutional review board at Yale University, given no patient identifiers were recorded. Additional institutional review board approval was obtained from The Second Xiangya Hospital of Central South University. Verbal consent was obtained from all patients.

A comprehensive medical interview was conducted, focusing on patient's history of present illness, ocular history, social history, and use of TCM for their ocular disease. A comprehensive ocular examination was performed including best-corrected visual acuity tested with tumbling E chart and slit lamp examination with fluorescein staining. Visual acuity in decimal notations was recorded. Causes of infectious keratitis were diagnosed clinically as according to the standard of practice in the People's Republic of China. All fungal and acanthamoeba keratitis were confirmed by confocal microscopy. The ophthalmic equipment was calibrated and standardized at regular intervals to minimize any potential observer or measurement bias.

Visual acuity of the affected eye or the worse eye (if both eyes were involved) was analyzed. Visual impairment was graded based on World Health Organization recommendations.[@b11-opth-10-777] Mild or no visual impairment was defined as vision equal to or better than 20/70 or 0.3. Moderate visual impairment was defined as vision worse than 20/70 (0.3) and equal to or better than 20/200 (0.1). Severe visual impairment was defined as vision worse than 20/200 (0.1) and equal to or better than 20/400 (0.05). Vision worse than 20/400 (0.05) was considered as blindness.

Statistical analysis
--------------------

Data were analyzed using SPSS (Version 21.0; IBM Corporation, Armonk, NY, USA). *P*\<0.05 was considered clinically significant. For risk factor analysis, a binary logistic regression model was used to investigate associations between sociodemographic/clinical variables and the presence of moderate, severe, or blind vision impairment (visual acuity worse than 20/70). A univariate analysis was conducted first for individual potential risk factors. A multivariate analysis was subsequently conducted adjusting for clinically significant variables and for variables significant in the univariate analysis. Specifically, the multivariate regression model accounted for sex, age, location, occupation, TCM use, history of ocular trauma, and corneal disease etiology. There was a concordance between the adjusted and unadjusted analyses in identifying the variables that have significant odds ratios (ORs). Prevalence rate and adjusted OR with corresponding 95% confidence interval (CI) are presented. Student's *t*-test was used to compare the mean visual acuity between groups and the mean patient age by sex. One-way analysis of variance was used to compare the mean visual acuity between age groups. One-sample chi-square (*χ*^2^) test was used to compare the distribution of demographic characteristics. Pearson's *χ*^2^ test was used to compare the distribution of corneal diseases by rural and urban locations. Five patients with both infectious and noninfectious corneal diseases were excluded from analyses comparing infectious and noninfectious etiologies.

Results
=======

Demographic profile
-------------------

Of the 100 consecutive patients evaluated, there were 50 female and 50 male patients. The average age of patients was 46.0±20.1 years. There was no difference in sex, average age of the patients by sex, and laterality of eye affected ([Table 1](#t1-opth-10-777){ref-type="table"}). More patients had mild or no visual impairment (n=48) compared to those with moderate (n=12) or severe impairment (n=10) or blindness (n=30).

Risk factors for significant visual impairment
----------------------------------------------

Binary logistic regression analysis was conducted for patients who had moderate, severe, or blind visual impairment (n=52). The analysis accounted for variables including sex, age, location, occupation, TCM use, history of ocular trauma, and corneal disease etiology. Adjusting for these variables, the odds of having moderate, severe, or blind visual impairment were higher in males (*P*=0.035, adjusted OR: 3.37, 95% CI \[1.09--10.43\]), patients ≥60 years of age (*P*=0.048, adjusted OR: 5.08, 95% CI \[1.01--25.55\]), and those living in a rural location (*P*=0.017, adjusted OR: 3.108, 95% CI \[1.22--7.89\]; [Table 2](#t2-opth-10-777){ref-type="table"}). Occupation was not a significant risk factor in this population. There was no difference in visual impairment when comparing agricultural workers, indoor workers, or unemployed patients.

In addition, a similar binary logistic analysis was conducted for patients with unilateral or bilateral blindness (n=30). However, adjusted OR for sex (*P*=0.145), age 60 years and older (*P*=0.067), and rural location (*P*=0.258) were not significant.

Males had lower visual acuity compared to females (0.22±0.27 vs 0.46±0.37, *P*=0.002), and rural residents had lower visual acuity than urban residents (0.24±0.28 vs 0.48±0.37, *P*=0.003), by Student's *t*-test. Additionally, patients 60 years of age and older had the worst visual acuity (0.21±0.26) compared to other age groups (one-way analysis of variance, *P*=0.005).

Associations between visual acuity and etiology of corneal disease
------------------------------------------------------------------

Virus was the most frequent cause of infectious keratitis (n=26 \[57.8%\], *χ*^2^ test, *P*\<0.001), followed by fungus (n=9 \[20%\]) and bacteria (n=9 \[20%\]). Patients with viral keratitis had significantly better mean visual acuity compared to those with fungal keratitis (0.35±0.05 vs 0.13±0.09, Student's *t*-test, *P*=0.036) or bacterial keratitis (0.11±0.09, Student's *t*-test, *P*=0.022; [Figure 1](#f1-opth-10-777){ref-type="fig"}).

In comparison, patients with noninfectious etiologies of corneal diseases had significantly better visual acuity compared to those with infectious keratitis (0.42±0.05 vs 0.27±0.04, Student's *t*-test, *P*=0.035). The most common noninfectious corneal disease was dry eye syndrome (DES, n=16 \[26.7%\]), followed by corneal abrasion (n=11 \[18.3%\]; [Figure 2](#f2-opth-10-777){ref-type="fig"}). Patients with DES had significantly higher mean visual acuity compared to those with corneal trauma (0.61±0.09 vs 0.13±0.06, Student's *t*-test, *P*\<0.001), peripheral corneal ulceration or thinning (0.10±0.04, Student's *t*-test, *P*=0.004), neurotrophic ulcer (0.11±0.10, Student's *t*-test, *P*=0.005), or chemical burn (0.02±0.01, Student's *t*-test, *P*=0.004). Similarly, patients with corneal abrasion (0.65±0.12) or filamentary keratopathy (0.60±0.15) also had significantly higher mean visual acuity compared to those with corneal trauma (0.13±0.06), peripheral corneal ulceration or thinning (0.10±0.04), neurotrophic ulcer (0.11±0.10), or chemical burn (0.02±0.01, Student's *t*-test, *P*\<0.05 in all pairwise comparisons).

Geographic differences in corneal diseases
------------------------------------------

The majority of patients with a history of ocular trauma (n=22 \[81.5%\], *χ*^2^ test, *P*=0.003) or infectious keratitis were from a rural location (n=29 \[72.5%\], *χ*^2^ test, *P*=0.005). Specifically, patients with bacterial keratitis or fungal keratitis were predominantly from a rural location (*χ*^2^ test, *P*=0.046; [Table 3](#t3-opth-10-777){ref-type="table"}). Of the 14 patients who used topical and/or systemic TCM, 71.4% were from a rural location.

Traditional Chinese medicine
----------------------------

Four TCMs were named by patients: Jin Yin Hua, Yu Xing Cao, Qi Ju Di Huang Wan, and Wu Xing Dan. Of these, Wu Xing Dan was dissolved with distilled water and used topically ([Table 4](#t4-opth-10-777){ref-type="table"}). TCM was not associated with visual impairment (binary logistic regression, *P*=0.225; [Table 2](#t2-opth-10-777){ref-type="table"}) or visual acuity (Student's *t*-test, *P*=0.283).

Discussion
==========

We found that age 60 years and older, male sex, and living in a rural location are risk factors for worse visual impairment in an outpatient population in the central region of southern China. Previous epidemiology studies in India and the People's Republic of China have reported age and male sex as risk factors for poor visual outcome.[@b6-opth-10-777]--[@b9-opth-10-777] These studies examined corneal diseases in rural populations only; thus, they were unable to discern whether rural location was associated with disease prevalence. Another study examined the prevalence of corneal blindness in Ningxia, People's Republic of China but did not show any significant association between rural living and corneal blindness.[@b6-opth-10-777]

Our results demonstrate that rural living was associated with worse visual impairment, ocular trauma, and a diagnosis of infectious keratitis, particularly bacterial and fungal keratitis. This may be because rural residents are exposed to more organic matter on a daily basis than urban residents. They also may be more predisposed to ocular trauma due to rural lifestyle. Ocular trauma may predispose them to infectious keratitis, particularly fungal and bacterial keratitis, which were difficult to treat and carried a poor visual prognosis. Our study is consistent with others that identified a high prevalence of infectious keratitis and history of ocular trauma in the People's Republic of China.[@b7-opth-10-777],[@b9-opth-10-777],[@b12-opth-10-777] The identification of the rural population as a particularly vulnerable group with worse visual outcome emphasizes the need for safety measures and use of eye protection to prevent injuries.

The use of traditional medicine, particularly Indian and African traditional medicine, has been reported as a risk factor for corneal blindness.[@b13-opth-10-777]--[@b16-opth-10-777] An estimated 26% of childhood blindness in Malawi[@b16-opth-10-777] and 25% of corneal ulcers in Tanzania were associated with the ocular use of traditional medicine.[@b17-opth-10-777] African traditional eye medicine also increased the risk of developing peripheral corneal ulcers.[@b13-opth-10-777] TCM has shown to be effective in treating DES.[@b18-opth-10-777],[@b19-opth-10-777] In a randomized controlled study involving 80 patients with DES, Chi Ju Di Huang Wan was shown to improve tear breakup time after 2--4 weeks of use by Rose Bengal staining.[@b18-opth-10-777] A meta-analysis of seven randomized controlled trials showed that 198 patients with DES who underwent acupuncture had an improved tear breakup time, Schirmer I test, and cornea fluorescein staining compared to 185 patients with DES treated with artificial tears.[@b20-opth-10-777] The treatment duration in studies included ranged from 8 weeks to 8 months.[@b20-opth-10-777] Our study did not show any association between TCM and either better or worse visual outcome.

It is important to interpret the results of our study by understanding the following limitations. The prevalence of corneal diseases in a referring subspecialty clinic cannot be extrapolated to estimate the prevalence of corneal diseases in the general population in southern China. It is likely that the prevalence of corneal diseases and any associated decreased visual acuity is lower in the general population than our patient sample. Our findings were based on the observation and analysis of patients who were referred to one tertiary hospital in the People's Republic of China. Difficulty in accessing ophthalmic care at a tertiary center may explain any difference in prevalence and patient demographics in community clinics.

By selecting consecutive patients from one examiner, we minimized observer and measurement bias. Additionally, patients' diagnoses were confirmed by clinical and/or objective data. This study is unique in that it reports consecutive cases managed by a corneal specialist in the People's Republic of China and the risk factors associated with worse visual outcome in an outpatient setting. This study may be useful in planning public health efforts, such as education on corneal diseases and eye protection use. Our results may also be helpful in allocating resources and improving health care access for rural residents to maximize the impact on visual impairment reduction or prevention in the People's Republic of China. Future studies involving a larger sample size and with a multicenter approach would broaden our understanding of the epidemiology of corneal disease in the People's Republic of China.
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###### 

Demographic profile of consecutive patients in the corneal clinic of The Second Xiangya Hospital (n=100)

  Characteristic               Number of patients   *P*-value
  ---------------------------- -------------------- --------------------------------------------------
  Sex                                               1.000
   Male                        50                   
   Female                      50                   
  Age (years) mean ± SD                             0.276[a](#tfn1-opth-10-777){ref-type="table-fn"}
  Average age                  46.0±20.1            
   Male                        43.8±19.8            
   Female                      48.2±20.3            
  Location                                          0.194
   Rural                       57                   
   Urban                       43                   
  Occupation                                        0.165
   Indoor work                 24                   
   Nonagricultural work        16                   
   Agricultural work           28                   
   Children and students       15                   
   Unemployed                  17                   
  Laterality of eye affected                        0.756
   Right eye                   30                   
   Left eye                    36                   
   Both eyes                   34                   
  Etiology                                          0.151
   Noninfectious               55                   
   Infectious                  40                   
   Both                        5                    
  Visual impairment                                 \<0.001
   Mild or no impairment       48                   
   Moderate                    12                   
   Severe                      10                   
   Blindness                   30                   

**Notes:**

The Student's *t*-test was used to compare age difference between males and females. The one-sample chi-square test was used in all other comparisons.

**Abbreviation:** SD, standard deviation.

###### 

Effect of various factors on visual impairment by binary logistic analysis

  Characteristic             Visual impairment (n, %)[a](#tfn3-opth-10-777){ref-type="table-fn"}   Adjusted OR \[95% CI\]   *P*-value              
  -------------------------- --------------------------------------------------------------------- ------------------------ ---------------------- -------
  Sex                                                                                                                                              
   F                         19                                                                    31                       1.00                   
   M                         33                                                                    17                       3.37 \[1.09--10.43\]   0.035
  Age (years)                                                                                                                                      
   0--17                     4                                                                     7                        1.00                   
   18--39                    6                                                                     16                       0.64 \[0.12--3.39\]    0.595
   40--59                    22                                                                    15                       2.94 \[0.64--13.55\]   0.166
   ≥60                       20                                                                    10                       5.08 \[1.01--25.55\]   0.048
  Location                                                                                                                                         
   Urban                     14                                                                    29                       1.00                   
   Rural                     38                                                                    19                       3.11 \[1.22--7.89\]    0.017
  Occupation                                                                                                                                       
   Indoor work               10                                                                    14                       1.00                   
   Nonagricultural work      10                                                                    6                        0.87 \[0.16--4.71\]    0.875
   Agricultural work         18                                                                    10                       0.49 \[0.10--2.44\]    0.384
   Children and students     5                                                                     10                       1.17 \[0.06--22.53\]   0.916
   Without work              9                                                                     8                        1.23 \[0.28--5.45\]    0.786
  TCM                                                                                                                                              
   No use                    42                                                                    44                       1.00                   
   Use                       10                                                                    4                        2.45 \[0.58--10.45\]   0.225
  History of ocular trauma                                                                                                                         
   No                        37                                                                    36                       1.00                   
   Yes                       15                                                                    12                       0.89 \[0.27--2.93\]    0.850
  Etiology^b^                                                                                                                                      
   Noninfectious             24                                                                    31                       1.00                   
   Infectious                23                                                                    17                       0.94 \[0.33--2.63\]    0.901

**Notes:**

Given a total sample size of 100, % equals n. ^b^Five patients were excluded in binary logistic analysis as they had both infectious and noninfectious corneal diseases.

**Abbreviations:** OR, odds ratio; CI, confidence interval; F, female; M, male; TCM, traditional Chinese medicine.

###### 

Distribution of corneal diseases by rural or urban location

                             Rural (%)   Urban (%)   Total   *P*-value
  -------------------------- ----------- ----------- ------- -----------
  Etiology                                                   0.005
   Noninfectious             24 (43.6)   31 (56.4)   55      
   Infectious                29 (72.5)   11 (27.5)   40      
  Infectious etiology                                        0.046
   Acanthamoeba              1 (100.0)   0 (0.0)     1       
   Bacterial                 9 (100.0)   0 (0.0)     9       
   Fungal                    8 (88.9)    1 (11.1)    9       
   Viral                     15 (57.7)   11 (42.3)   26      
  TCM                        10 (71.4)   4 (28.6)    14      0.24
  History of ocular trauma   22 (81.5)   5 (18.5)    27      0.003

**Abbreviation:** TCM, traditional Chinese medicine.

###### 

Traditional Chinese medicine used by patients for treating various corneal diseases

  Name                              Reported use                             Ingredient                               ROA
  --------------------------------- ---------------------------------------- ---------------------------------------- ---------
  Jin Yin Hua (金银花)              Viral keratitis                          *Lonicera japonica*                      Oral
  Yu Xing Cao (鱼腥草)              Viral keratitis                          *Houttuynia cordata*                     Oral
  Qi Ju Di Huang Wan (杞菊地黄丸)   Peripheral corneal ulceration/thinning   Lycium fruit, Chrysanthemum, Rehmannia   Oral
  Wu Xing Dan (五行丹)              Peripheral corneal ulceration/thinning   Sea salt, plant rosin, bamboo            Topical

**Abbreviation:** ROA, route of administration.
